
A function f : /"-> IR

"from IR" to R "

is m if f(x+z) = f(x)+f() #xyEIRY

f(ax) = < f(x) forE

XIRY

Mnexample f(x ,y) = x - y2

f(1 , 0) = 1

f(1 ,0) = 1

f (2,0) = 4 + 2 = f((,0 + f (1 ,d)

Example f(x
,y) = 3x - my

& (x) +flex,yel= 3x - 4 y +3x -442

7 Zz
= 3(x,+-) -4(e, +yz)

= f(z ,+zz)



-wit
f(x) = aTx(xE(Y)

f(x +y) = aT(x ++)

= a
,
(x
, +y,p + - -

- + an(xe +yn)

= ax+ a, 4, 7 --tan (n) t an

= aTx + aTY

smilly f(xx)= atax = anTx = a f()
,

So inner product against a fixed reate

is live -



Examples of linea functions :

Given a time seies
,
temps say

T= CTis - . .

., Tn)

tell we the tempentere at time K.

f (T) = Th



Text has a nice civil engineers example :

been Cerg
↓

-As+ a
a bride)

Xi X2M X3

Three positions across the borm.

Imagine point loads at X, X2, xz

S

Want to measure the deflection (say) of the

bea at the midpoint m as a consequence

of weights Wi , we , We

Fr a bridge : We in metric fas

s in mm

s(wi
, wz,wz) = c

, W , +Cwz +CzW3



= CTw c= (4,Rz, <3)

w = (wiwzwz)

What we the units of c ? nau/ tonne

Fami
every line function fitt R an bewritten

in the for f(x) = cTX for some cEIR"

Why is that ? Leta = flex) e= (0 -10... 0

↑
slotk

x = (xx - - -

, Xn)

= Xe, +Xzezt
--- + Xen



f(x) = f(x, y + x2e + - -- xe)

= f(x
, e) + f(men) + -- + f(xe)

=
x, f(x) + x flez) + -- + f(xen)

=c,X , + - --
-

- + GM

r
f (0) = f(0 +o

= f(0) +f(0)

->= 0

your favonde lives

f(x)= mx + b
L

not liner unless b = 0.



If f(x)= <
, x, + ... + Gyn + b = c Tx + b

we say f isfire.

They satisfy a kind ofsnited superposition :

f is liver : f(axyby)= < f(x) +B+ ()

- is affue flaxify)= af(x) +BG)

x +B = 1

-



Sensitivities

E
T X Tz

->von horogenes

Insulated red, Fixed temps at each end.

I measue the temperature at the fixed pository

X
(at steudy state

f(Ti
, Ez) is tamp at x after waiting

a while,



what happensof I change the temp at the left

by a little bit 57.? I expect a small

change in Lamp at X,
~ oughly proportional
to the clage ST,

Ditto for T2.

f (T. + AT, Tz+ Stz) = +(T, Tz) + 4 ST, + STz

The coefficials a,c are called sensitivities.

L(fT, STz) = c
,
ST

,
+ ESTz is

a linear function
aT (T,STz)

in the perturbations ST, STz

They act as scale factors.



In facts you set these from calculus

f(xyxz) = x
,
e
*

of ==]
How you use it : Work at a pointx= (3,0)

f(3,07 = 3

vf = [b]

F(x
,, xz) = 3 + 1(x, - 3) + 3 . (xz- 0)
W

X
= f(x) + VfT(x- xo)

(1x)



↑ (x) v f(x) if x is close to xo
.

↑ (x) = f(x)
,
perfect

↑ (3 .2 , - 0. 1) = 3 +1(0 .2) +370. 1)

= 3 + 0 . 2 - 0 .3

= 2 . 9

(us 2 . 595)

Only close to (3, 0), though,

- (1 , - 10) = 4 . 5x10
-5

↑ (( , - 10) = 3 + ( - 2) + 3 . 10 -0

= 3)

I is an offere function
. (though frequently called

the liner approx)


